Computational screening of branched cyclic peptide motifs as potential enzyme mimetics.
In a previous work we described the design, synthesis and catalytic activity of a branched cyclic peptide as a serine protease mimic. To maximize its catalytic activity we present now a systematic search of a large number of homologous peptides for potential enzyme activity as revealed by the topological arrangement of the catalytic triad residues. This process is accomplished by applying a combined molecular mechanics and molecular dynamics conformational search of about 200 molecules. Starting from a previously synthesized compound that showed some hydrolytic activity several analogues were modelled by aminoacid substitutions in the main molecular framework using the Insight II molecular modelling environment with some script automation. Also presented is an algorithm that: (a) generates all possible combinations of residue substitutions, (b) scans the conformational space for each molecule via high temperature molecular dynamics, (c) picks the set of molecules the trajectories of which retained, to a considerable degree, the catalytic triad molecular arrangement, (d) subjects the selected molecules to layer solvation and energy minimization and chooses the molecules, the conformations of which could preserve the catalytic triad arrangement. Finally, a modelling with periodic boundary conditions, was performed to further support the reported algorithm. We found that at least one of the analogues could be a potential serine protease mimic, as revealed by the root-mean-square comparison between the catalytic triad in two molecular dynamics trajectories of the peptide and the corresponding residues in the crystal structure of trypsin. The most promising model candidate was synthesized and tested for its catalytic activity.